Summary. Males 
Introduction
In a number of vertebrate species, including man, mouse, hamster, rat, rabbit, pig and chicken, the occurrence of heteroploid embryos is a primary contributing factor to embryonic death and wastage. Errors of meiosis, fertilization or early cleavage divisions may each be involved in the origin of one or more of the prevalent types of heteroploidy. A first step towards understanding of the situation is strain and the generation of males used in this experiment was derived from an outcross, two genera¬ tions back, to the same broiler stock from which the females were derived. Their genome was there¬ fore comprised of 75 % Leghorn and 25 % broiler.
Procedures. All birds were individually caged. Hens were artificially inseminated weekly with semen collected from the males by the massage method (Lake, 1956) . Eggs were collected daily, identified, stored for up to 4 days at 10°C and incubated for 16-18 h at 37-8°C. Preparations for karyological examination were made from the embryos by the procedure described by Miller et al. (1971) . Each Fig. 1 . Fig. 3 . Partial karyotype of a male parent homozygous for translocation t (OH 14) . Note the altered mor¬ phology of chromosomes 2 and 4 compared to those in Fig. 1 . Fig. 4 . Partial karyotype of a haploid embryo. Chromosomes 2 and 4 were derived from a male parent with a karyotype similar to that shown in Fig. 3 . 
Discussion
The domestic chicken has proved to be particularly useful for elucidating some of the causal elements of chromosomal abnormalities. In man and other mammals the occurrence of heteroploid chromo¬ some complements in embryos is perhaps the most important cause of abortion or embryonic death : it has been estimated that 60% of spontaneous abortions are the direct result of chromosomal ab¬ normalities of the afflicted embryos (see Boué, Boué & Lazar, 1975 , for basis of this estimate). Chromosomal analysis of preimplantation mouse, rabbit, hamster and rat embryos also shows that a relatively high proportion die early because of chromosomal abnormality (Butcher & Fugo, 1967; Vickers, 1969; Shaver & Carr, 1969; Kaufman, 1973 ; Yamamoto, 1973 ; Fechheimer & Beatty, 1974) . Each species exhibits a unique array of heteroploid types reflecting its individual susceptibilities to errors of the reproductive process which result in chromosomal abnormalities (Ford, 1975) . For example, in man there is a high frequency of aneuploidy, while the common laboratory mammals appear to be more inclined to errors of fertilization and of early cleavage division mitosis which result in a high frequency of polyploidy and mixoploidy.
Chicken embryos from different genetic lines show a different incidence of various forms of heteroploidy (Fechheimer, Miller & Boerger, 1972; Bloom, 1972 Bloom, , 1974 Snyder et al., 1975) . They display all the forms commonly seen in mammals, but haploidy, which is rarely encountered in mammals, is the most predominant. The hens used in the present study represent a line of birds in which the incidence of heteroploidy, particularly haploidy, had been shown to be high (Miller et al., 1976 ).
Haploidy. Arguments supporting an hypothesis that the haploid cell lines in l«/2«, \nßn and other mixoploid embryos are, for the most part, androgenetic have been given by Miller et al. (1971 Miller et al. ( , 1976 and Snyder et al. (1975) . Zartman & Smith (1975) have also reported a \ ß embryo in which the haploid line contained a marker chromosome derived from the sire. In the present experiment an additional 38 embryos with haploid cell lines, all of paternal origin, are described. Thirteen of these embryos were pure haploid. It is not known what happens to the female pronucleus in these cases: it may be fertilized normally and the resulting zygotic nucleus fails to undergo first cleavage division, or it may undergo cleavage divisions but at a slower rate than the proliferating supernumerary sperm pronucleus. When the embryo is prepared for karyological analysis at the primitive streak stage, the diploid cells, being relatively few in number, are not encountered.
Haploid cell lines of paternal origin were also seen in all of the 24 ln/2« mixoploid embryos. In 23 of these the female pronucleus was apparently normally fertilized and the resulting 2« nucleus underwent cleavage. One or more accessory spermatozoa, also present, did not engage in syngamy but gave rise to separate haploid cell lines and \n\2n chimaeric embryos. Failure of cytokinesis at one mitosis, or fusion of two haploid cells, might have been the mechanism for formation of the diploid androgenetic cell line in the ln/2/z mosaic embryo derived entirely from paternal products. Such a mechanism was proposed by Bloom (1970) .
The haploid cell line of the lnßn embryo was also of paternal origin. The lnßn chick embryo reported by Zartman & Smith (1975) was similar to that found in this study in terms of the parental source of the various gametic products involved.
The overall frequency of haploidy amongst the hens in this study was 5-5 %. It is clear from in¬ spection of the data in Table 2 that production of haploid embryos is dependent on either the geno¬ type or some permanent environmentally induced characteristic of the hens, the effect of which is to initiate and sustain proliferation, by mitotic-like activity, of spermatozoa.
Triploidy. triploid embryos were in close agreement. Most of the 3n.ZZW embryos are thought to result from failure of MI of oogénesis and very few from dispermy or diploid spermatozoa. The two triploid embryos (ZZW) described by Zartman & Smith (1975) contained only a single paternally derived marker chromosome and therefore resulted from MI suppression in the female.
In the present series of 10 triploids (including the 3n line of the lnßn embryo), all contained a single marker chromosome and therefore, by inference, a single set of paternally contributed chromo¬ somes. Equal numbers were ZWW and ZZZ and all 10 can be considered as resulting from suppres¬ sion of MIL The rarity of a diandric origin of triploidy in birds is in contrast to the situation in mammals. Beatty (1974) (Austin, 1961 ; Fechheimer & Beatty, 1974) . Clearly no single mechanism is sufficient to account for the various types of 2n/3n chick embryos which have so far been reported. The 9 for which sex chromosome complements have been reported (including the 2 of this experiment) must have re¬ sulted from at least two different types of cytological error.
Tetraploidy. The observations on the embryos with An cell lines in this study are compatible with and tend to verify the hypothesis (Miller et al, 1971 (Miller et al, , 1976 Snyder et al., 1975 ) that 4n cell lines result from failure of cytokinesis at a cleavage division of a normal 2n egg. The same phenomenon (at different ploidy levels) apparently occurred to produce one of the ln/2n mosaic embryos of the present report and a 3n/6n mosaic reported by Miller et al. (1971) . When the failure occurs at the first cleavage division (of a normal 2n egg) the result is a pure An embryo. Other possible mechanisms that may give rise to 4n embryos are the occurrence and parthenogenetic development of completely unreduced eggs or the fertilization of a In egg by three spermatozoa. No evidence is available in support of the latter mechanism. The finding of two pentaploid (5n) embryos (Miller et al., 1976; N.S. Fechheimer, unpublished) with sex chromosome complements ZZZWW support the contention that 4n eggs do occasionally occur and parthenogenesis has been shown to occur in at least some lines of chickens (Olsen, 1967; Olsen, Wilson & Marks, 1968) .
